In Tyrolean like in other European freshwaters, crayfish populations decreased in numbers and qualities. They are today regarded as endangered animals. The Astacus astacus (Linnaeus, 1758) population of historical evidence in Tristacher See and its out flowing stream Tristacher Seebach (mentioned already by Emperor Maximilian I in 1504) became extinct in the late 1990s. After the restoration of the stream we started a species conservation programme with various specific protection measures, including breeding and restocking of young-of-the-year and adult A. astacus. Females, after having released their young in the hatchery, were stocked together with males in a 200-m-section of Tristacher Seebach, previously populated by A. astacus. In October, the young-of-theyear crayfish were released in another area of the same stream. To show the importance of habitat diversity and shelter, four sites for introduction were selected describing a gradient of habitat diversity. We monitored general characteristics of the population (sex, size, densities) and compared them to habitat conditions. Individual crayfish were tagged with gloss-paint pens to allow an observation of their movements between the different sections over the summer months. We found significant results when migration behaviour, population assemblage and habitat conditions were compared. Males frequently moved longer distances than females. Migration length corresponded to the gradient of available structures and shelter. Heterogeneous riprap was somewhat preferred to artificial shelter like bricks or plastic tubes. Sections without additional shelter showed almost no presence of crayfish. Sex and size distribution within assemblages appeared also to be affected by habitat conditions. Our results indicate the importance of monitoring in species reintroduction projects, as this research demonstrated the immediate effect and importance of habitat structure and affirmed the success of the protection measures. This may in fact help to avoid future failure. 
INTRODUCTION
Some ten years ago, crayfish were common animals in the brooks and lakes of most European countries, but today they are endangered throughout Europe (e.g. GHERARDI and HOLDICH, 1999; SKURDAL and TAUGBOL, 2001; FÜREDER et al., 2002) . By its listing in Annex II of the Habitats Directive of the EU, Austropotamobius pallipes (Lereboullet, 1858) is up-valued to a species of community interest whose conservation requires the designation of special areas of conservation (COUNCIL DIRECTIVE 92/43/EEC, ANNEX II). In Tyrol, the two indigenous crayfish species, the stone crayfish Austropotamobius torrentium (Schrank, 1803) and the noble crayfish Astacus astacus are protected by federal legislation (e.g. TYROLEAN FISHERIES LAW 2002) demonstrating their level of threat.
Crayfish are known to play a significant role in freshwater systems. Some species may be used as bioindicators for ecosystem function, although a general applicability is still debated (FÜREDER and REYNOLDS, 2003) . Due to their size (largest freshwater invertebrate in Europe) and particular appearance they act as good "flagship species", viable for various aspects in water protection . Crayfish have also been viewed as ecological engineers, as they are important actors in altering habitat conditions by digging and transferring substrate (STATZNER et al., 2000) .
Notwithstanding the so-called "key role" of crayfish in water bodies, they are strongly endangered and often whole populations became extinct. In East Tyrol two of the oldest known populations vanished suddenly in the late 1990s. Tristacher See was already mentioned in 1504 in the "Hunting and Fishing Book" of Emperor Maximilian I holding crayfish (UNTERKIRCHER, 1967) . The cause of the extinction a few years ago still remains unclear, since neither a sign of non-indigenous crayfish introduction nor any other identifiable threat is apparent. Only habitat assessments carried out in 2002 resulted in the recording of a few degraded reaches, caused by settlement and land use activities.
Not only the historic value of this old crayfish site but also the general decrease of crayfish waters in our region, gave rise to a proposal for a species protection plan. As part of it, a project was started in 2001 with the objective of improving the habitat for A. astacus and to give an estimate of its suitability and the potential effect of habitat conditions on the reintroduced population.
In this paper we focused on the following questions:
• Is the reintroduction of A. astacus in Tristacher Seebach successful; do habitat and stocking material match?
• How do the adult crayfish behave (migrate) after release and does their behaviour change with time and season?
• Is it possible to reduce a potential migration tendency by offering higher densities of shelter?
• Do sex and size affect the choice of the place of residence?
MATERIAL AND METHODS

Investigation area
Tristacher Seebach is a small outlet of Tristacher See, draining forest and pasture before it flows into the river Drau (Figure 1 ). Both, lake and stream are situated in the submontane vegetation zone of the Lienzer Dolomiten, a mountain massif in East Tyrol. The catchment is mostly influenced by calcareous rock (limestone). Nikolsdorfer Weiher, the source of the crayfish stocking population, is a quarry pond near the river Drau within the same catchment.
Breeding and stocking
Since the population became extinct in the 1990s, another population of A. astacus from the same catchment was selected as a source for breeding and restocking. Nikolsdorfer Weiher was known to hold the only other noble crayfish population in East Tyrol. The assumption that this pond was probably founded with individuals from Tristacher See or its out flowing Seebach is based upon the vicinity of the two locations within the same catchment. This further implies that the source population is adapted to local climate conditions, which may be important for a successful restocking.
In May 2002, 17 female crayfish were caught by hand in Nikolsdorfer Weiher (source population of A. astacus). The egg carrying females were brought to a crayfish hatchery in Göstling (Lower Austria) and returned to East Tyrol after releasing their young in July. The young-of-the-year were kept in the hatchery over summer and then brought to Tristacher Seebach. They were stocked in two different areas where restoration measures had been applied earlier. Without any discontinuities, all released crayfish were able to migrate freely between the different sections of Tristacher Seebach.
Experiments of habitat suitability
On July 25 th , 63 crayfish (i.e., the already captured females with additional individuals from Nikolsdorfer Weiher, all together 42 females and 21 males), were measured (claw length and width, carapace length and width, total length) and weighed. Each animal was marked with a gloss-paint pen by writing a number on the carapace. We used different colours to allow subsequent individual identification without re-catching (Figure 2 ). With this method, unnecessary disturbance by handling was reduced. The only disadvantage was the restricted observation period, caused by lost markings due to moulting or abrasion.
Habitat use and migration experiment
To find out, if the availability of a high density of shelter could prevent the migration of the crayfish after the introduction, we altered parts of Tristacher Seebach. An area of about 200 meters length was divided into four sections ( Figure 1C ). To three of them we added artificial structures, in order to create a gradient of shelter quality and density. We used rocks to form a riprap (experimental site RR), featuring the highest density of hiding places. About one hundred meters upstream, bricks and tubes of different diameter were exposed to create a section with appropriate shelter (experimental site BT), but still providing less than the riprap area. Between RR and BT, a section with enclosures for another experiment (not treated in this paper), also equipped with tubes and bricks, offered additional structures but in rather low densities (experimental site CG). The fourth section was the untreated area and lay another hundred meters upstream. It was not changed in 
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any way, but did not provide shelter for crayfish (study site NS). The two channel pipings supporting small bridges across the stream were about 1 m in diameter. The water level was deep enough throughout the year to enable free migration of crayfish, which could be observed in both directions several times.
Crayfish observations
In order to estimate the importance of shelter for the colonisation of water bodies through noble crayfish, repeated observations took place every second or third day between July 26 th and August 9 th , afterwards on a weekly basis until October 26 th , 2002, when activities declined significantly. While walking on a defined route along the brook every time a crayfish was seen its number was noted together with date, time and place. Later in summer and autumn, when some of the markings had been lost, it was only possible to notice that a crayfish was seen at a certain place but not exactly which individual. 
Statistics
All data were analysed using Microsoft Excel and Sigma Plot 8.0. Statistics, calculations of One-Way ANOVA and following pair wise multiple comparison procedures (Holm-Sidak method) to detect significant differences between treatments, were done with Sigma Stat 3.0. Table I gives a review of the above explained experimental activities. 
RESULTS
Breeding
Altogether the 17 females carried about 1500 eggs, of which a number of 507 young-of-the-year crayfish were transferred to Tristacher Seebach at the end of summer. During the hatching period, our monitoring resulted in a clear relationship between individual densities and the growth of the young crayfish. At similar temperatures, crayfish were bigger, heavier and less injured with decreasing density (Table II) . 
Crayfish Activity
Crayfish activity was clearly higher at the end of July and on the first days of August as compared to the rest of the observation period. It followed generally the temperature pattern, a decrease was noticeable with declining temperature and was strongest when temperature fell below 10 °C (Figure 3 ).
Between July 26 th and August 9 th , the average number of observed crayfish per evening was 24, whereas it decreased to an average of 13 individuals from mid August until September. Mid September (13 th and 19 th ) we monitored a temporary increase of crayfish activity as we observed 18 and 16 individuals. Thereafter the activity level decreased again and we found an average of 5.5 individuals per night. Finally from mid September until the end of October the number of observed individuals continuously declined from 11 to 1 and 3 individuals respectively (Figure 3) . Means of observed crayfish per running meter over summer differed from stocking densities -which are the numbers of stocked crayfish per meter in July -at all sites (Figure 4 ). Highest numbers with 0.26 crayfish per meter were noticed at site RR, followed by 0.19 at BT and 0.11 at CG. In the section without additional shelter only 0.01 crayfish per meter were observed. Also maximum numbers declined with decreasing availability of shelter, being highest at RR with 1.07 crayfish per meter and decreased to 0.13 at NS. On a temporal pattern the records decreased further at RR, BT, and CG, as the activities generally decreased in autumn. A fact which is not relevant for section NS since crayfish avoided this area from August onward.
When the results of the observations during summer from the different sections were compared, NS differed very highly significantly (p < 0.001) from the two sites with highest densities of structures (RR and BT) and still significantly (p < 0.05) from CG. Mean crayfish observed in CG are highly significantly lower (p < 0.01) than in RR. The average from site BT were not significantly different from either RR or CG (p > 0.05). The post-release migration pattern also differed when individual experimental sites were compared. Crayfish released at sites with a higher density of shelter moved shorter distances and overall migrations increased with declining shelter densities. Crayfish stocked in the area without additional shelter (NS) covered by far the longest distances. Usually males moved longer distances than females (e.g. 194.8 vs. 102 .3 m at NS; 60.3 vs. 37.0 m at CG). Distances were only somewhat shorter in the section with bricks and tubes (BT), where males migrated 58.8 m and females 24.8 m. The mean migration distance of males was lowest in the section RR (2.5 m) and this was also the only section where females (41.4 m) moved longer distances than the males (Table III, Figure 5 ). 
Table III Differences in the averages of the migration distances between the different crayfish groups according to their sex and the place of their introduction (RR -riprap, BT -bricks and tubes, CG -cages, NS -no additional shelter; (m) = males, (f) = females). Significance levels
NS (m) NS (f) CG (m) CG (f) BT (m) BT (f) RR (m) RR (f)
*** * n.s. n.s. n.s. n.s. n.s.
RR (m)
*** ** n.s. n.s. n.s. n.s.
BT (f)
*** ** n.s. n.s. n.s.
BT (m)
*** n.s. n.s. n.s.
CG (f)
*** ** n.s.
CG (m)
*** * NS (f) ** During the first weeks of the experiment (from July to mid of August) the crayfish grouped themselves by sex and size. At the onset of the study the mean total length at site RR was about 100 mm for males as well as for females. During the experiment (until August 16 th ), the mean size changed to 115 mm in males and to 97 mm in females. The opposite was observed at BT. Here, the mean total length of females shifted from 102 to 107 mm, while the mean size of males remained at 93 mm. Fluctuations in this pattern could be observed due to a high migration activity of some individuals. For example, crayfish "Yellow 6", a male with a total length of 133 mm, increased the mean at BT, but was seen some days later at RR near the other large males. The experimental site CG, situated between RR and BT, was assumed to be especially influenced by migrating crayfish, showed also some separation (compare with Figure 6 ). For section NS it is hardly possible to derive tangible results as we observed crayfish on only three days.
Unfortunately it was only feasible to itemise the data in that way only until mid August. Thereafter it was nearly impossible to identify the individuals, as most of the markings were lost due to moulting or abrasion.
Figure 6
Total length distribution of male (black symbols) and female (white symbols) crayfish in the first three weeks after release. RR = riprap, BT = bricks and tubes, CG = cages, NS = no additional shelter. The missing data for August 16 th in section BT indicate missing markings due to moulting and abrasion. At site NS, the missing data are due to a total absence of crayfish in this area after July 28 th . 
DISCUSSION
Several studies are now available which demonstrate a continued decline of indigenous crayfish populations in European freshwaters (e.g. GHERARDI and HOLDICH, 1999; SKURDAL and TAUGBOL, 2001; FÜREDER et al., 2002) . In Austria the situation is similar: native species are regarded as endangered (GEPP, 1994) . Habitat degradation, land-use activities, and the introduction of exotic species have been cited frequently as liable reasons for this decline (GHERARDI and HOLDICH, 1999; FÜREDER and HANEL, 2000; FÜREDER et al., 2002) . In several countries species protection plans were designed to improve the situation of native crayfish. Among others, species (re-) introduction was suggested as a conservation measure (e.g. REYNOLDS and MATTHEWS, 1997; FÜREDER and HANEL, 2000; FÜREDER et al., 2002) . However, little is known about the success of introductions and even less is known about the post-release behaviour and migration of crayfish.
This publication reported on the reintroduction of Astacus astacus to a crayfish habitat of special historical value. Being one of the three oldest records of crayfish in Tyrol a re-naturalisation of this crayfish habitat was considered extremely important. It prompted us to monitor reintroduced crayfish and to investigate habitat suitability and the potential effect of habitat conditions on the reintroduced population.
Breeding
Temperature, food supply and shelter were kept similar in the individual raising tanks, the only notable difference was crayfish density. In tanks with less dense populations the number of injuries was lower and these fewer individuals showed better growth (length and biomass). VERHOEF and AUSTIN (1999a) found that the density had an influence on the growth but not on the survival rate of crayfish. In another study, the same authors assumed that the availability of shelter was the most important factor (VERHOEF and AUSTIN, 1999b) . Our results show that survival is not influenced by the availability of shelter, since plenty of hiding possibilities were provided in the individual tanks. Density related factors appeared to be the main cause. NELSON and HEDGECOCK (1983) showed, that factors such as growth inhibition due to release of chemical substances might be responsible for lower growth.
Whatever the factors influencing growth and development, a fast growth rate is essential for the success of reintroduction measures. The are chance of survival of young crayfish released in autumn depends often on their size because predation risk from fish decreases with increasing body length (ENGLUND and KRUPA, 2000) . Thus, reduction of crayfish densities in breeding tanks may help to improve the success of reintroductions.
Post-stocking activities
Our results showed that the general temporal patterns in crayfish activities corresponded well to the temperature. After an initially higher activity during the first days, caused presumably by handling stress from catch, transport, mark and release of individuals, crayfish activity followed the general pattern of water temperature. A temporary decrease of activities at the end of July and beginning of August might have been caused by moulting females, which did not moult before the introduction. Males did not moult until September, when another slight decrease in activity was registered. These moulting periods could be confirmed by the presence of marked exuvia and are also known from the literature (ACKEFORS, 1999 , STUCKI, 1999 .
The increased activity in the middle of September was due to the onset of mating and was followed by a general decrease caused by the disappearance of females. With the decline of the minimum temperature below 10 °C, females are known to eject the eggs and hide for overwintering (ACKEFORS, 1999 , STUCKI, 1999 , HOLDICH, 2003 . This was also confirmed by the capture of single males and still unfertilised females at that time.
The importance of channel morphology and habitat availability was demonstrated in a few studies (HUOLILA et al., 1997 , SCHULZ and KIRCHLEHNER, 1984 , SMITH et al., 1996 . SCHULZ and KIRCHLEHNER (1984) found a positive correlation between the abundance of A. torrentium and the number of stones and wood, which could serve as shelter. Furthermore they found a negative correlation between the occurrence of the stone crayfish and the frequency of muddy and sandy sediment in a little brook. SMITH et al. (1996) also found a correlation between the availability of structures at the river bank (presence of shrubs and trees and the extension of their roots into the water) and the abundance of A. pallipes. The results of HUOLILA et al. (1997) were similar to those of this study. They released marked A. astacus to a partly altered brook and after one year they caught the highest number of crayfish at the section with broken rock as additional shelter. Unlike the present study, they found also crayfish in the untreated sections. Maybe this was due to the fact that young crayfish (they reported a mean carapace length of 42.6 mm) usually migrate less than adults.
Also our study strongly confirmed these results. The gradient of shelter quality and quantity in our experimental design had a strong influence on crayfish densities. Despite some larger standard deviations, caused by calculating the mean over the whole investigation period, crayfish activity decreased clearly and the individual sites differed significantly. The correlation was very significant when the maximal densities (triangles in Figure 3 ) at the different sites were compared to each other.
In our experiment the availability of shelter was also related to the distance covered by crayfish after the introduction. Longer migration distances coincided with less available structure. Individual residence time was longer in sections that offered more shelter. Migration was not affected by the possibility of burrowing offered by the banks.
In general males moved longer distances than females, except at site RR, where bigger males became more territorial. Once arrived, they generally stayed at this site. Consequently, they obviously raised the pressure on females to emigrate. This would explain the greater migration of females released at this site. Territorial aspects might also have been the reason why the larger males were grouped with the younger females at RR, and the larger females at BT with smaller males. STREISSL and HÖDL (2002) found for males of A. torrentium a correlation of body size and shelter size. A similar coherence is also possible for A. astacus. Sex-size distribution in the section with less attractive shelter was less distinct. A similar distribution pattern was found during the capture of egg-carrying females in May 2002 in Nikolsdorfer Weiher, where areas with adult males alternated with areas populated by females and juveniles.
Our results indicated that a variety and a certain amount of shelter have to be provided in reintroduction projects. Enough shelter has to be available in more than only one area. Furthermore it is an advantage if the structures are heterogeneous so that every crayfish is able to find a fitting hiding place.
The addition of untypical structures (like riprap in a forest stream) to improve the habitat can have positive effects but is not a general recommendation for all reintroduction projects. In the present study it was necessary for the experimental design, but it was nevertheless an artificial change of ecosystem properties. Stream type and specific habitat conditions should be considered.
The results of our field experiments demonstrated that the success of crayfish (re-) introductions might be enhanced with simple measures. With optimal habitat conditions one can make sure that the animals come across appropriate shelter immediately after stocking. These measures, in this study, reduced migration of crayfish, which is considered a problem after introduction into a new habitat. Hence, the combined stocking with adults out of a dense population and with juveniles can be more successful. At the same time, it may also be a good method to restore "dwarf populations" because the withdrawal of adult crayfish is known to cause positive effects on growth and population structure in the source population (KELLER, 1999) .
The ever decreasing number of autochthonous crayfish populations in many European regions underlines the importance of ecological knowledge for planned reintroductions. The loss of populations due to crayfish plague but also to environmental degradation (land use, water regulation) call for an immediate reaction to prevent further loss of indigenous crayfish. Reintroduction can be a successful measure if it takes place within the context of a well defined programme. An optimal and promising implementation needs fundamental knowledge such as the behaviour of (re-) stocked crayfish in the new habitat. In this sense, this study brought important results but may also help to pose new questions.
